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1. INTRODUCTION 

In 1977, HITACHI was the first in the world to develop and mass- 
produce 100 Watt Complementary Power MOS FETs. Since then, Power MOS 
FETs have been used in a variety of fields as an ideal power device with 
high switching speed and high resistance to electrically induced failure. 
HITACHI Power MOS FET technology has consistently advanced in the areas 
of on-resistance , voltage and current handling capability and packaging. 

POWER MOS FET FEATURES : 

A. Excellent frequency response and high switching speed. (No carrier 
storage effects.) 

B. High resistance to electrical destruction. (No current concentration 
effects .) 

C. Easy parallel connection for higher power applications. 

D. Minimum drive power. (Voltage controlled device.) 

There are two basic Power MOS FET structures: Vertical Type and 
Lateral Type. The advantages of Vertical Types are: a) Drain Case and 
b) low on-resistance and low loss. Advantages of Lateral Types are: a) 
Source Case, b) high resistance to electrical destruction, and c) high 
frequency response. HITACHI has both types to meet various requirements. 
The Vertical Types are called "D Series", and the Lateral Types are 
called "S Series". 

Power MOS FETs show extreme advantages, not only in new fields 
where conventional power devices are inadequate, but also in existing 
fields where conventional devices are already in use. 
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2. STRUCTURE & FEATURES 



Hitachi has two types of Power MOS FETs , D Series (vertical structure) 
and S Series (lateral structure), as shown in Fig. 2-1 and Fig. 2-2. 
Although there are some differences in their characteristics, both have 
the following advantages. 

• Good frequency response and high switching speed due to absence of 
carrier storage effect. 

. Free from current concentration, and hence have high resistance to 
destruction. 

. Require a very low driving power as they are voltage controlled 
devices . 

To understand the structure and features of Power MOS FETs, we would 
like to show the N-channel MOS FET. 

Fig. 2-3 shows the N-channel MOS FET structure. This is called an 
MOS structure, because the current control gate region is made of three 
layer, Metal, Oxide and Silicon. The charged particles (electrons, here) 
are produced from Source and flow to and out of Drain. 

When a positive voltage is applied to the gate electrode, in pro- 
portion to it, a depletion layer will be produced on the silicon surface 
beneath the gate. Then negative charges (electrons) will appear on it, 
which cause the silicon surface to be inverted from P type substrate to 
N type layer. This inverted layer is channel.. 
Channel Source Channel Source Channel 




Drain Substrate 

Fig. 2-1 Structure of D series Fig. 2-2 Structure of S series 
(Vertical type) (Lateral type) 

(N channel) (N channel) 
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2. STRUCTURE & FEATURES 



When a voltage is applied between Drain and Source, electrons in the 
channel will move to the Drain, which means that the drain current flows. 

There are two types of FETs , depletion type (normally ON type) and 
enhancement type (normally OFF type). In the case of depletion type FETs, 
drain current flows even if the gate voltage is OV, in contrast to 
enhancement type FETs. Hitachi Power MOS FETs are all enhancement type 
(normally OFF type) . 



ids 




Substrate Negative V G S(off) Positive 

Fig. 2-3 Basic Structure of MOS FET Fig. 2-4 Transfer 

(N channel) Characteristics 



The gate voltage at which the drain current begins to flow is gate 
cut-off voltage V GS (off). (Fig. 2-4). 

Normally, there is a quadratic correlation between Ipg and V^g. 
The slope of its curve gives the mutual conductance g m (=_^l5 S _), that shows 
amplification factor. 

Breakdown voltage of the drain varies with the structure between the 
N + region of the drain and the gate electrode, as shown in Fig. 2-3. 
There is only a thin oxide film between the. N + region and the gate 
electrode, so the field gradient will be high. This makes it difficult 
to achieve high drain to gate breakdown voltage, limited to 20 ^ 30V in 
typical MOS FETs. 

By widening the space between the N + region of the drain and the gate 
electrode, and easing the electric field concentration, we can make the 
breakdown voltage larger. 
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2. STRUCTURE & FEATURES 

There are two fabrication methods used to make the breakdown voltage 
higher, one is D series (vertical structure) and the other is S series 
(lateral structure) . We would like to further explain about their 
structures and features, with Fig. 2-1 and Fig. 2-2. 

• D Series (vertical structure) 

In D series the drain (N + ) is placed beneath the silicon substrate. 
The gate electrode covers over the N region between P channels, to ease 
the electric field concentration beneath the gate. The electrons flow 
out of the source and reach to the N region through the P channels 
horizontally. On the surface of the N region, there is an accumulation 
layer of N + produced by the positive voltage applied to the gate 
electrode. Therefore, the electrons are attracted to the accumulation 
layer, to flow to the drain through the N region vertically. 



Source Source 




Substrate 



CGS=Cgs, +Cgs2 +Cgss 
C D s=Cdsi +Cds2 
C G D=Cgd 

Fig. 2-5 Structure of D series Fig. 2-6 Structure of S series 

(Vertical type) (Lateral type) 

(N channel) (N channel) 

Consequently, the D series is referred to as a vertical structure. 
In this structure, the case is connected to the drain. 

In the D series the channel (N region) is placed in the silicon, and 
the size of one unit can be smaller than that of S series. This enables 
the switching ON resistance of D series to be smaller than that of S 
series with the same voltage and the same chip size. 



— 2. STRUCTURE & FEATURES 

Electrostatic capacitances are the junction capacitances and the MOS 
capacitances as shown in Fig. 2-5. 

Here, the capacitance between the drain and the gate, CqD, is 
relatively large, so in the source earth circuit, c GD's effects to the 
input capacitance (Ciss) , to the output capacitance (Coss) and to the 
feedback capacitance (Crss) should be considered. 

The gate electrode is made of polysilicon, which has long been used 
effectively in CMOS LSI. Polysilicon resistance is about 100 times larger 
than that of metals such. When using it for the gate electrode, we lower 
the gate resistance by using a mesh gate pattern, and by connecting the 
polysilicon gate and the metal electrode effectively. To find the 
switching time of the vertical structure, more complicated operation 
analysis is required, because the feed back capacitance (Cgd) is large 
and the voltage dependence of the drain resistance is large. The input 
capacitance can't be determined simply by the time constant of the gate 
resistance. This will be further explained in the switching character- 
istics, paragraph 5.3. 

• S Series (lateral structure) 

In S series, the drain (N + region) is placed on the surface of the 
silicon. The region between the drain (N + ) and P channel is an N region 
produced by ion implantation, and it makes the strength of the electro- 
static field even. Moreover, the source electrode is extended to cover 
a part of the N region, working as a field plate to prevent electro- 
static field concentration around the gate. The electrons flow out of 
the source and reach to the drain through the P channel and the N region 
laterally. This is why the S series is called a lateral structure. 

The substrate is connected to the source electrode, and the case to the 
source . 

The feed back capacitance (Crss) is indicated as Cgd in Fig. 2-6. 
The source field plate is extended above the N region, so the Cgd is 
shielded by the field plate and the capacitance of the N region (Cds) . 
This results in a very small value of feed back capacitance (Crss). 
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2. STRUCTURE & FEATURES 

From the view points of chip and package, the S series is very suitable 
for high frequency use, because the input and the output leads are separated 
electrically. Like in the D series, we usually use polysilicon for the gate 
electrode. Moreover, we can provide devices with metal gates for very 
high speed. In the polysilicon gate FET, the frequency limit is determined 
by the time constant of the input capacitance and the gate resistance. 
In the metal gate FET, it is determined by the lead inductances of the 
gate and the source, because the gate resistance is very small. 



Table 2-1 shows the small signal equivalent circuit and the typical 
characteristics of D series and S series. 



Table 2-1 Equivalent Circuits and Features, Parameters 




Equivalent 
Circuit 



Large U2n)* However , it is able to 
be decreased by 2 figures with 
Metal-gate 



Small (2.5n)* 



Small (800pF)** 



Large (1800pF)**, C GD is in- 
creased enormously at low Drain 
Voltage 



r 

9 8 



Featu- 
res 



r 

TBS 



Large (350pF)** 



Small (190pF)** 



Small (15pF)**Slightly 
depend on Drain Voltage 



Large (85pF)**, C GD heavily 
depends on Drain Voltage 



Large(2.2n)* 



Small (lfi)* 



Small (1.0S)* 



Large (1.8S)* 



ASO 



Good 



Fair 



(Note) * Typical value of VDSS=400V, In=5A rating. 

** Test Condition : VDS = 10V, V GS = -5V, f = 1MHz 
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Table 3-1 D Series Line-up 
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3 


5 


6 


7 


8 


10 


12 
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30(25) 


50 


40 






□2SK416(6.5) 
□ 2SJ120C 1.2) 




*2SK345(0.3 ) 
a.2SJ102(0.3 ) 


















60 










*2SK346(0.3) 
*.2SJ102<0.3) 








^2SK428 ( 0.1 ) 
■*2SJ122(0.15) 
a2SK549 ( 0.1 J 






A 2SK600 

1 0.04 ! 




80 










*2SK294 ( 0.4) 


















100 








n2SK429(0.5l 


A2SK295(0.4) 








a2SK383 ( 0.15) 
O2SK398(0.2) 
O2SJU2(0.25) 

• 2SK399(02 ) 

• 2SJ113(0.25) 






* 

G2SK561 

(0.05) 




120 


















( '2SK30810.2) 
^2SK551(0.15) 
^.2SJ127(0.2)* 










140 
















• 2SK413(0.4) 

• 2SJ118<0.4) 












150 








□ 2SK430 ( 0.8 ) 




















160 
















• 2SK414(0.4) 

• 2SJ 119(0.4 ) 












200 












A2SK440C04) 




• 2SK400 ( 0.5) 

• 2SJ114(0.6) 












250 


■ 2SK51K30) 
















O2SK40K03) 
• 2SK412(03> 










300 




a2SK296 ( 2.5) 
□ 2SK375C25) 
























400 




□ C2SK535)(4.0) 


*2SJ117(5.0) 


A2SK310(2.5) 


A.2SK319U.I) 






Q2SK298( 1.1 ) 
G2SJ116(li) 
• 2SK4021 1.1 ) 


• 2SK349 ( 0.67) 










450 




□ [ 2SK579X 5.5 ) 




A2SK31K2.5) 


A.2SK320I 1.1 ) 
f.2SK552(l;0) 




A.2SK554 ( 0.6) 


02SK299( 1.1") 
• 2SK403( 1.1 ) 


• 2SK350(0.67) 


)2SK313(0.67) 
•2SK 556(0.35) 


•2SK559I0.25) 




OPM4550T(0a3) 


500 


□2SK384(25) 


□ C2SK5803( 6.0) 


*2SK382! 2.5) 




«-2SK553(15) 




A2SK555 ( 0.7) 






• 2SK557(0.45) 

O2SK512(0.55) 


•2SK560(0.3) 


* 

OILS 79 20 ( 0.2) 


OHS7910(0.12) 


800 








A2SK513(5.0) 
• 2SK415(5.0) 


D2SK35K 1.7) 
• 2SK534 ( 3.0) 
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Bote 1. 
* : Under Development 
< ) : Rns(on) 

typ 



Note 2. Package 
U.DPAK OITO-3 
■:TO-126 »:to-3P 
^ : TO-39 ^ : RFPAK 

▲ : TO-220AB O ; "odule 



3.LINE UP & APPLICATIONS 

Table 3-2 S Series Line up 



\l D (A) 
V M (V)\ 


0.5 


1.5 


2 


4 


5 


7 


8 


120 












02SK133( 1.0) 
O2SJ48(1.0) 




140 


a2SK213(8) 
A2SJ76U0) 










O2SK134U.0) 
O2SJ49(1.0) 




160 


a.2SK214®(8) 
a.2SJ77(10) 
a.2SJ77®(10) 
^2SK196®(8) 










O2SK135(1.0) 
02SJ 50(1.0) 


O2SK220®(1.0) 


180 


A.2SK215C8) 
A2SJ78(10) 




a.2SK408(7.0) 
a.2SK409 ( 7jO) 


^2SK318(1.9) 






02SK175( 1.0) 
02SJ 55(1.0) 
\72SK317(0.95) 


200 


a2SK216(8) 
.*>2SK216®(8) 
-A.2SK79U0) 
a2SJ79®(10) 












02SK1 76(1.0) 

O2SJ56(1.0) 

O2SK221®(1.0) 


250 














O2SK258®(0.8) 


350 










02SK259®(2.5) 






400 










O2SK260®(2.5) 







• TO-3P 
O TO-3 
S7 RFPAK 



Note 1.* : Under Development Note 2. Package 
( ) : RDs(on)typ □ DPAK 

■ TO-126 

^ TO-39 

A. TO-220AB 
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3. LINE UP & APPLICATIONS 



Table 3-3 Typical Characteristics of Power MOS FET D-series 





Type Number 


Absolute 


Max. Ratings 


Electrical Characteristics 


Package 


N-ch 


P-ch 


V DSS 


Vqss 


1 D 


rv,L ^ ^ 

rcn 




1 XT , It 


ton 


toil 


I c 






("VI 


( A 1 




typ 


max 




*s n s J 








OVICA 1 fi 
Zot\.4 1 D 


oc t 1 on 

ZOJ 1 ZU 


*4U 




2 


10 


A C /l O 


U.O/ 1.3 


0.4/0.25 


25/35 


3 5/40 


25 




OQKA OQ 

zors.4 z y 




100 




3 


20 


U.D 


ft 7 
U. / 


0.9 


35 


50 


5 


DPAK 






1 5 


±20 


ft 


1 fl 

J.JU 


zorw / 




300 


1 
1 


1 fi 

1 U 


z.o 


4.U 


fl A 

U.4 


z u 


/ U 


1 n 

i u 




OCI/CQ C 




Ann 

4U U 




ID 


f? a 
zu 


1 A 

4.U 


O.U 


fl A 


OA 
ZU 


4 O 


1 A 




Z orvo o 4 




^ a. n 
ouu 




a q 
u.o 


10 


O c: 
Z O 


OU 


n 1 

U.l 


OA 
ZU 


OA 
ZU 


1 A 

4 U 


TO-126 


OCI^RI 1 




^a 

Z OU 




n 

U.o 


Q 




30 


50 


u.uo 






O £A 
Z OU 




O crz'3 ,4 c 
Z orvo 4 


OC T 1 A 1 


/I A 
4U 




5 


30 


0.3 


0.4 


0.9 


40/60 


70/100 


7 




ZoJ\o4 


oc t 1 no 
ZoJ 1 UZ 


60 






ZoK4 Zo 


op T 1 OO 

ZoJ 1 zz 




1 A 
1U 


C A 
bU 


0.1/0.15 


0.15/0.2 


O O 

z.z 


; — 

60/80 


1 O A /O A A 

1 ZU/ zuu 


Q 
O 




O OI/'O A v( 




Q n 
oU 




5 


30 


0.4 


0.56 


0.8 


40 


70 


5 




oci/oo c. 

zoKzy 




100 






ZoKoOo 






1 n 
1 U 


C A 

bU 


A 1 C 

U.l b 


A 1 O 
U.l O 


2.8 


60 


150 


4 


TO- 


octroi ^ a 
ZoK.44U 




200 


+20 


6 


A 

4U 


0.4 


0.5 


1 Q 

l.O 


4u 


110 


a 


220AB 


oni/o n C 

zcsKzy 




300 


1 


O A 

oU 


2.5 


4.0 


0.4 


20 


70 


10 




Z0K.0 1 U 


2SJ1 17 


400 




3/2 


40 


2.5/5.0 


4/7 


1.0/0.7 


25/3 5 


70/80 


10 




zbKo 1 1 




450 




3 


c 


a n 


1.0 


25 


70 


10 




Z ol\o 1 y 




a a a 
4UU 




5 


50 


1.1 


1.83 


1.5 


50 


120 


5 




ZtiKo ZU 




a cn 
4bU 






ZoKoOZ 




bUU 




2 




2.5 


4.0 


0.7 


25 


7 A 


1 








800 




3 


60 


5.0 


6.0 


0.7 


50 


1 20 


5 




2bK399 


2SJ 113 


100 




10 




0.2/0.25 


A or /c\ r~ 

0.25/0.35 


2.0 


50/70 


1 10/160 


3 




zoK.4 lo 


2SJ1 18 


1 40 








0.4 


0.5 


2.0/1.8 


50/70 


110/160 


3 




2SK4 14 


2SJ1 19 


1 60 




8 






01/ a c\t\ 
zbK4UU 


2SJ1 14 


200 








0. 5/0.6 


0.7/0.8 


1.8 


40/50 


1 1 A /1 A 

1 10/1 60 


3 


TO- 
3P 


O OV A 1 O 

Z fcift.4 1Z 




250 




10 




0.3 


0.4 


2.5 


6 5 


180 


3 


ZoK4 Oz 




400 


±20 




100 


u 


1.75 


1.7 


50 


120 




2SK403 




450 


8 


5 




ZbKo49 




400 




10 




0.67 


0.9 


2.5 


70 


200 


3 




2SK3 50 




450 








2SK4 1 5 




800 




3 


80 


5.0 


6.0 


0.7 


50 


120 


O 




2SK534 






5 


100 


3.0 


4.0 


1.2 


75 


220 


4 




2SK398 


2SJ112 


100 








0.2/0.25 


0.25/0.35 


2.0 


50/70 


110/160 


3 




2SK30 8 




120 




10 


100 


0.2 


0.3 


2.8 


60 


160 


4 




2SK401 




250 








0.3 


0.4 


2.5 


65 


180 


3 




2SK298 


2SJ116 


400 




8 


100/125 


1.1/1.75 


1.75/2.25 


1.7/1.6 


50/60 


120/220 


5/3 


TO-3 


2SK299 




450 


±20 


100 


U 


1.75 


1.7 


50 


120 


5 




2SK312 




400 








0.67 


0.9 


2.5 


70 


200 


3 




2SK313 




450 




12 


125 




2SK512 




500 








0.55 


0.65 


3.5 


75 


300 






2SK351 




800 




5 


125 


1.7 


3.0 


2.0 


100 


300 


2 



Note( ) : Under Development (The specifications subject to change without notice.) 
* : Test Condition Vds > I D x RogCon) , I d! =^ I^.^dc) 
** : Value at Tc=25°C 



HITACHI 



9 



3. LINE UP & APPLICATIONS 



Table 3-4 Typical Characteristics of Power MOS FET S-series 





Type Number 


Absolute Max. Ratings 


Electrical Characteristics 


Package 


N-ch 


P-ch 


Vpg g 


Vqss 


Id 


Pch** 


RosCon)^) 




ton 


toff 


f c 




(V) 


(V) 


(A) 


(W) 


typ 


max 


lyf.l 

( s ) 


(ns) 


(ns) 


(MHz ) 




2SK213 


2SJ76 


140* 






















2SK214 


2SJ77 


160* 


+ 15 


0.5 


30 


8/10 




0.15/ 


20 


30 


40/30 


TO— 220 


2SK214® 


2SJ77® 


160* 


— 


0.1 


A R 


2SK215 


2SJ78 


180* 




















2SK408.409 


— 


180 


±20 


2.0 


30 


7 


9 


0.3 


- 


- 


200 




2SK216 


2SJ79 


200* 


±15 


05 


30 


a/io 




0.15/ 


20 


30 


40/30 




2SK216® 


2SJ79® 


200* 




0.1 


TO-39 


2SK196© 




160 


±15 


0.5 


0.8 


8 


1 5 


0.15 


20 


30 


30 




2SK133 


2SJ48 


120* 






















2SK134 


2SJ49 


140* 


±14 


7 


100 


1.0 


1.7 


1.0 


180/230 


60/110 


3/2 




2SK135 


2SJ50 


160* 






















2SK1 7 5 


2SJ55 


180* 














250/320 


90/120 






2SK176 


2SJ56 


200* 


±20 


8 


125 


10 


1.7 


1.0 


2/1 


TO-3 


2SK176© 


2SJ56® 


200 














60 


200 






2SK220® 




160 




8 


100 


1.0 


1.5 


0.9 


25 


45 


50 




2SK221® 




200 








2SK258® 




250 


±20 


8 


125 


0.8 


1.1 


1.3 


25 


140 


7 




2SK259® 




350 




5 


125 


2.5 


3.0 


1.0 


25 


140 


7 




2SK260® 




400 






2SK317 








8 


120 


0.9 5 


125 


125 






300 


RFPAK 


2SK318 




180 


±20 


4 


70 


1.9 


2.5 


06 








2SK410 








8 


120 


1.2 


1.5 


1.25 






350 



Note * : Vnsx 

** : Value at Tc=25°C 

*** : Test Conditions V DS > I D x R DS (on) , I D ^ I Dma „( DC) 
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3. LINE UP & APPLICATIONS 



• Power MOS FET DH Series 

Hitachi achieved development of high-performance new Power MOS FET 
Series (DH Series) by original technique. 15 types of DH series in the 
below table are going to be in production. 
DH series have the following features; 

. High gain (gm is 2 ~ 3 times higher than that of current D series.) 

. Low On-resistance (Ron is 30 ~ 50% lower than that of Current D 
series . ) 

The maximum rated current can be driven by low input voltage: 
7 ~ 8V due to high gm. Driving power needs only 1/3-1/4 of that of 
current D series (at Vgs=10 ~ 15V) so that this series gives more energy 
saving in the circuit. 



Table 3-5 Typical Characteristics of Power MOS FET DH Series 



Package 


Type Number 


Absolute Max. 
Rating 


Electrical Characteristics 


N-ch 


P-ch 


V DSS 
(V) 


V GSS 
(V) 


ID 

(A) 


pd 
(w) 


R DS (on) (fi) 


|Yfs| 
(S)* 


ton 
(ns) 


toff 
(ns) 


fc 
(MHz) 


typ. 


max. 


DPAK 


2SK579 




450 


+15 


1.5 


20 


3.5 


5.5 


1.0 


2a 


48 


15 


2SK580 




500 


4.0 


6.0 


T0- 
220AB 


2SK549 




60 


+15 


10 


50 


0.1 


0.15 


5.0 


55 


100 


3 


2SK600 




60 


25 


75 


0.04 


0.055 


15 


115 


245 


1.5 


2SK551 


(2SJ127) 


120 


10 


50 


0.15/0.2 


0.2/0.25 


5/5 


55/110 


100/240 


3 


2SK552 




450 


5 


50 


1.0 


1.4 


4.0 


45 


115 


2 


2SK553 




500 


1.2 


1.5 


2SK554 




450 


7 


60 


0.6 


0.85 


6.5 


65 


155 


1.5 


2SK555 




500 


0.7 


1.0 


T0-3P 


2SK556 




450 


±15 


12 


100 


0.40 


0.55 


10 


110 


230 


1 


2SK557 




500 


0.45 


0.6 


2SK559 




450 


15 


100 


0.25 


0.36 


13 


145 


320 


2SK560 




500 


0.3 


0.4 


TO- 3 


2SK561 




100 


±15 


30 


150 


0.05 


0.07 


15 


110 


240 


1.5 



Note ( ): Under Development (The specifications subject to change without notice) 
* : Test Condition V DS >I D x R DS ( on ), Id=1/ 2 Id max(DC) 
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3. LINE UP & APPLICATIONS 



• Power MOS FET Module 

Nowadays, high power transistors tend to be in module package, 
especially in the field of motor control. On the other hand, power 
MOS FETs, because of their superior response, has begun to be applied 
to robots and manufacturing machines to improve their performance. In 
order to meet these requirements, Hitachi has developed power MOS FET 
modules. Table 3-6 shows their typical characteristics. 



Table 3-6 Typical Characteristics of Power MOS FET Modules 





Type 
Number 


Absolute Maximum Ratings 


Electrical Characteristics 


Equivalent 
Circuit 


Package 


V DSS 


V QSS 


Id 


** 

Pch 


R DS (on)(n) 


lyts 1 


ton 


toff 




(V) 


(V) 


(A) 


(W) 


typ 


max 


(S) 


(ns) 


(ns) 


B 


PM1210B 


120 


±20 


10 


50 


02 


0.3 


2.0 


60 


160 




PM1220B 


120 


±20 


20 


80 


0.1 


0.15 


4.0 


120 


320 


1 


C 


PM4550C 


450 


±20 


50 


300 


0.13 


0.18 


12 


3 50 


1000 


2 


(HS7910) 


500 


±20 


50 


300 


0.12 


0.16 


18 


550 


1500 


F 


(HS7920) 


500 


±20 


30 


150 


0.2 


0.27 


10 


3 50 


900 


2 



Note 1) ( ) : Under Development (They are subject to change without notice.) 
* : Per one transistor 
** : Value at Tc=25°C 

2) Internal equivalent circuit 




1 
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3. LINE UP & APPLICATIONS 



• Power MOS FET 



Package 


Vdss 

rvi 


Id 

tat 


K D s(on) 

rm 


Package 


V DSS 


Id 

(A) 


RDS(on) 

(nj 


TO-3 


100-800 


5- 30 


0.05-3.0 


TO-126 


250 


03 


30 








TO-3P 


100—800 


3-15 


0.2-5.0 


RFPAK 


180 


4 , 8 


0.9 5-1.9 






1 




TO-220 


40-800 


1—25 


0.03-5 


TO-39 


160 


0.5 


8 








Q 




DPAK 


40-500 


0.3-3.0 


0.5-25 









• Power MOS FET Module 



Package 


Vpss 
Cv) 


Id 

(A) 


Ros(on) 


Package 


v pss 
(V) 


Id 
(A) 


Ros(on ) 


B 


120 


10-20 


0.1—02 


C 


450-500 


50 


0.12-0.13 


0" 


^^^^^^^^^^^^^^^^^^^^^^^^^ 
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Application of Power MOS FET 

Table 3-7 shows the applications and recommended types of each power MOS FET. 



Table 3-7 Applications 



High speed 
power 
switching 
circuit 



Appli- 
cations 



Audio 
output 



Motor 
control 



Ultrasonic 
applies 
tion 



Telecommu 

nication 

equipment 



Others 
(Tubes and 
display) 



Bipolar transistor 



D C pow er 



^^Output. 
(Large) 




Iff! Asirf£^cJ 



I 



^0 




I luniinim 

Power supply 



Video band lo-soMH* 



urTi rii i 



Power MOS FET 



ODC power 
Output 

II Loss 
^(little) 



(= 100-500 kH» 

Small size light 
weight 



t 



f=a00~500kHi 



Arcing machine 



High frequency, High 
speed manufacturing 



ability 



Clear 
A f.10 MH z 



Small size 
Easy maintenance 
Save_power 



i — i 

Power supply 



Video High 
band «~«omh . Rp °„, 

T^lution 



Function 



Linear 
power 
amplifier 



PWM amplifier 



Input DC 

13—24V 



Input 48V 



Laser beam 
machine 



Servo-motor 



Stepping motor 



diagnostic 
system 
Fish finder 

Ultrasonic 
washer 



Medium and 
short waves 



FM, VHF hand 



MCA Personal 
radio commu- 
njjcaUpn 



Tube, Display 



Relay 

analog switch 



Type Number 



2SK535 
2SK579 
2SKS80 



2SK429 
2SK430 



2SK375 
2SK535 
2SK579 
2SKS80 



2SK4 16 
2SJ120 



2SK384 
2SK5S0 



TO-220 



2SK214 
2SJ77 
2SK216 
2SJ79 



2SK346 
2SJ102 
2SK428 
2SJ122 
2SK551 
12 SJ127) 



2SK310 
2SK319 
2SK552 
2SK554 



2SK513 



2SK383 
2SK551 



2SK346 
2SJ102 
2SK428 
2SJ122 
2SK319 



2SK320 
2SK5 54 



2SK296 
2SK310 
2SK311 
2SK382 
2SJ117 



2SK408 
2SK409 



2SK549 
2SK600 



TO-3P 



2SK413 
2SJ118 
2SK400 
2SJ114 



2SK399 
2SJ113 
2SK413 
2SJ118 

mm 



2SK402 
2SK349 
2SK556 
2SK559 



mm 



2SK400 
2SK412 



2SK350 
2SK557 
2SK560 



2SK414 
2SJ119 
2SK412 



2SK413 
2SK118 
2SK400 
2SJ114 



2SK350 
2SK557 



TO-3 



2SK134 
2SJ4 9 
2SK175 
2SJ55 



2SK298 
2SK312 



( 2SK561 ) 



2SK313 
2SK512 
2SK351 



2SK308 
2SK401 



2SK312 
2SJ116 
2SK557 



2SK312 
2SJ116 
2SK557 



2SK176 
2SK22K 
2SK258 
2SK260 i 



2SK317 
2SK318 
2SK410 



PM4550C 
(HS7910) 



(HS7910) 



PF0002* 



Note 1) ( ) : Under development 
2) * : Outline 




3) The types shown above are 
used for the underlined 
applications in the table. 



4. APPLICATION HINTS 



4.1 Audio Power Amplifier 

4.1.1 Linear Power Amplifier 

(1) Design of output stage (Design of power supply voltage ^DD) 

Fig. 4-1 shows an equivalent circuit of the output stage. R 0N is 
a drain-to-source equivalent resistance when the power MOS FET is 
on, and according to the 2SK134/2SJ49 spec, it is; 



„ V DS ( sat ) 12 

Ron = = — = 1.7 in 

D 

The peak current Ip flowing 
through load RL=8ft at 
Po=100W is calculated from 
mean current I, 

P =I 2 R L 

I p =V~3~ • I = 



r 1 



°+v DD 

2SK134 



/ Ron 



2 Po 



R s =02£ 



J 2 o o 

-V— = 5 



R s =02O 



R L = 8fi 



/ R 



ON 

2 SJ 4.9 

— °-v DD 



Fig. 4-1 Equivalent Circuit of the 
Output Stage 



Therefore, if the transformer regulation is estimated at 20% and 
the AC line regulation at +15%, then the power supply voltage V DD 
is given as; 

V DE ^1.2X115 {R L+ (R ° N+Rs) } Ip 

2 

= 6 1. 8 V 

In Fig. 4-3, the power supply of power stage is common with that 
of voltage amplifier stage, so the voltage is set at ±65V including 
the gate-to-source ON voltage at Po=100W. 

In the case of D series 2SK343/2SJ99, the RON value is very small 
(0.5ft), the supply voltage required for the same output (100W) is 
only 57.6V. This enables us to make the transformer capacity and 
the cooling fin smaller, resulting in cost reduction. 



4.APPLICATI0N HINTS 



(2) Design of voltage amplifier stage 

A power MOS FET can be driven by a low driving power. Fundamentally, 
only power for charging and discharging the gate-to-source capacitance 
is needed by the output stage, so that a class B driver stage is not 
required. The driving power varies with input frequency. At 100W 
output and 100kHz frequency, it would be very small as follows. 

Pin= f-Ciss-V QS 2 = 1 x 10 3 x 90 
x 1 0- 12 x 6 2 = 3.24 mW 

Therefore, an output stage power MOS FET can be driven directly 
from a class A predriver (voltage amplifier stage) used in a bipolar 
transistor amplifier. By eliminating the class B driver, the 
quantity of components can be reduced, and impairment of the 
amplifier's performance by the driver itself can be avoided. 
Moreover, the number of poles in the transfer function (open loop 
gain vs. frequency characteristics) decreases, and the stagger can 
easily be increased. Consequently, the stability against oscil- 
lation is improved. Transistors for the voltage amplifier stage 
are required to have a high breakdown voltage, low Cob (collector 
output capacitance) and high fT (gain-bandwidth product) . 

(3) Open loop voltage gain 

The transconductance |y fs | of power MOS FETs is as large as 1.0 ^ 
2.5S typ. Yet it is only a fraction of that of bipolar transistors. 
For example, [ y f s | of bipolar transistors at IC (collector current) = 
1.0A, is very large, as follows; 

l I E l A 

I y,„ I = — = = = 3 8 S 

where re: Emitter equivalent resistance 

K: Boltzmann constant 

T: Absolute temperature 

q: Electron charge 

IE: Emitter bias current 

When the power device is used in the source follower (In bipolar 
transistor circuit; it's called emitter follower), the relationship 
between input and output is; 
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4.APPLICATI0N HINTS 



output ^ R L 

input ~ RL+1/ |y fs | 

(See Fig. 4-2) 

Fig. 4-2 Source Follower Input & Output 

Only the nonlinear component of this equation, l/|yf s | , causes 
distortion, so that a larger | yf s | is of lower distortion. In 
other words, since a power MOS FET amplifier has a distortion 
about 20dB larger than a bipolar transistor amplifier, it is 
necessary to design for larger open loop gain and larger negative 
feedback than in a bipolar transistor circuit. 

(4) Considerations for parasitic oscillation 

Because power MOS FETs have excellent high-frequency charac- 
teristics, they are liable to cause oscillation, even in a simple 
circuit . 

For an analysis of stability in a source follower circuit, see 
paragraph 5.9 of Power MOS FET Data Book (MAR, 1985). Here, we 
would like to show some precautions in fabrication. 

Minimize the wiring between the printed circuit board and the 
power MOS FETs. Direct connection is recommended. 

Provide one-point grounding for the amplifier printed circuit, 
power supply, and speaker terminals. Make the wiring of power 
supply line and ground line as big as possible. 

. The output coupling coil L has the effect of reducing distortion 
in the high frequency range. It also prevents oscillation which 
might occur when the output is loaded by capacitance. 
Its value should be determined experimentally. 

Printed circuit layout should flow topographically from input to 
output. 



Input 
Voltage 



~~ r 

Output 
Voltage 




4. APPLICATION HINTS 



(5) Line up 



Table 4-1 Line-up of Devices in Audio Amplifier 



Output 
Power 


Input Stage 


Driver Stage 


Output Stage 


Single 
Pushpull 


Parallel 
Pushpull 


FET 


Bipolar 


FET 

( v DSX ) 


Bipolar 
( v CE0 ) 


FET 

( v DSX ) 


NPN 


PNP 


N 

Channel 


P 

Channel 


NPN 


PNP 


N 

Channel 


P 

Channel 


50-60 





2SK190 
2SK186 


2SC1775 
2SC2855 


2SA872 
2SA1190 


2SK213 
(140V) 


2SJ76 
(-140V) 


2SD756 
(120V) 


2SB7 16 
(-120V) 


2SK133 
(120V) 


2S J48 
(-120V) 


60-80 


100-1 20 


O QIC O 1 A 

( 160V) 


o cj inn 
(-160V) 


2SD756A 
( 140V) 


2SB7 16A 
(-140V) 


2SK134 
( 140V) 

2 S K413 

(140V) 


2S J49 
(-140V) 

2 S J 118 

(-140V) 




120-140 




2SK215 
(180V) 


2S J7 8 
(-180V) 


2SD668A 
(160V) 


2SB648A 
(-160V) 


2SK1 35 
(160V) 

2 S K414 

(160V) 


2SJ50 
(-160V) 

2 S J 119 

(-160V) 


80-100 




2SK216 
(200V) 


2SJ79 
( -200V) 


2SD758 
( 200V) 


2SB718 
(-200V) 


2SK175 
( 180V) 


2SJ55 
(-180V) 




140-200 




2SC1775A 
2SC2856 


2SA8 7 2A 
2SA1191 






2 S K400 

200 V ) 
2SK17 6 

(200V) 


2 S J 114 

(-200V) 
2SJ56 

(-200V) 



u 



Underline is D Series (Drain Case Type) 
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4. APPLICATION HINTS 



(6) Application Circuit 

• 100W Output THD-0.0 1 %, f = 10 kHz 




Fig. 4-3 P o =100W Power Amp. Circuit Diagram 



o.o 5 r 



0.02 ■ 



§ ° 

Is 

cc n 

4-1 

o 

H 



0.01 



0.005 



0.002 



0.001 



r l =sn 

V cc =-±65V 
Iidle=M0mV 



(Per each Device) 




100 200 



o 

Oh 
4-1 

D 

4-1 
3 
O 



200 



100 



50 



20 



10 



Fig. 4-4 



R L =8H 
TIID=0.01% 
Vcc =±65V 
lidie=ioo mA(per each Device) 



ut Po(W) 500 % 



2k 



5k 10k 

Frequency f 



20k 

(Hz) 



50k 100k 



Total Harmonic Distortion 

vs. Output Characteristics F ig- 4-5 



Power Band Width 
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• 10 0W Output THD^O.O 1 %. f =5 kHz 
(All FET DC Amplifier) 



Mftu 



° +V CC i =+60V 



100, 



Input o — 




tf]R L =8n 



*-V G ci=HWV 
¥ + 10Qu 



2SK190 
Qs. Q 4 : 2SK186 
Q 5 , Q a = 2SJ77 



Q 7 , Q, : 2SK214 
i, Q, : 2SK134 
Qii, Q« : 2SJ49 



Fig. 4-6 Po=100W All FET Power Amp. Circuit Diagram 
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Fig. 4-7 Total Harmonic Distortion 
vs. Output Characteristics 
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4. APPLICATION HINTS 



4.1.2 PWM Amplifier 

The PWM (Pulse Width Modulation) Amplifier is a signal reproducing system 
in which a input signal is converted to a pulse signal whose width or duty 
cycle is proportional to the input signals amplitude. This variable duty 
cycle but constant amplitude signal is amplified, low pass filtered, and 
then applied to the load, losses are primarilly switching losses in the 
output devices. This allows a very high output power with very small 
physical size. 

The most important characteristic required for a output device in a 
PWM amplifier is high switching speed. The t ff speed of a bipolar 
transistor is slower than that of a power MOS FET of similar power 
rating. The t ff (t f f=td(of f ) +tf ) value of a power MOS FET is only 
100 ^ 200ns, giving it an advantage in PWM switching operation of several 
hundred kHz. 



(1) Theory & Block Diagram of PWM Amplifier 

Fig. 4-9 and Fig. 4-10 show the block diagram and the waveform of 
a PWM amplifier. 

Input 



° — i>^t£^ 



,— ot'tt 
jU a S.J 1 ii! ,2SJ113 

I I ^1 MO HE THAN SUW 

, '-taSK34t! ) 2SK399 



Fig. 4-9 PWA Amp. Block Diagram 



(a)+(b) 

« Lrtfi 

PWM u 4 * 



(d) • 
PWM 



(e) 

Output 



Fig. 4-10 Waveform 



In this PWM amplifier, the input signal (b) is added to the carrier 
signal (a) (a triangular wave) through a comparator, and then that 
signal ((a) + (b)) is converted to a pulse signal whose pulse width 
is proportional to the input signal level. This means that the 
pulse duty cycle is proportional to the input signal level. 
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4.APPLICATI0N HINTS 

The pulse signal (c) drives the output power devices. The power 
devices switch the power supply, and the resulting output power is 
passed to a low pass filter (hereinafter referred to as LPF) . 
The original signal input (b) is reproduced amplified (e) at the 
output of the LPF. 

When the frequency of carrier signal (a) is higher, the quantity 
of information is more accurate and the distortion is lower. 
According to information theory, if the frequency is more than 
twice as high as the maximum transmission frequency, the original 
frequency can be reproduced. In the PWM amplifier, however, the 
distortion will be worse, because the lower side band is mixed 
into the audio signal. Therefore, if the maximum transmission 
frequency is 20 ^ 50kHz, the carrier frequency should be normally 
200 ^ 500kHz (5 ^ 10 times) . 

(2) Power Efficiency of PWM Amplifier 

In a class-B amplifier, the amplification device operates as a 
resistance, so the device loss is large. On the other hand, in a 
PWM amplifier, since the switch is connected directly to the power 
supply, and the voltage-current product in a ideal switch is 
always 0, there is no loss. In fact, however, there is loss 
proportional to the output, because of the ON resistance (^ON) of 
the switch and the switching delay time. 

■ 

Fig. 4-11 shows the efficiency vs. output power characteristics. 
Compared with a class-B amplifier, the efficiency of a PWM 
amplifier is better, under stated conditions. 
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4. APPLICATION HINTS 



(3) Relation between output power device and distortion 

Distortion in a PWM amplifier occurs, under the influences of; 1) 
frequency of carrier signal, 2) linearity of triangular wave and 3) 
attenuation of LPF. In this section, we would like to explain the 
distortion that occurs at the output stage of the power switching 
circuit. 

Fig. 4-12 shows a PWM output circuit in which power MOS FET's are 
used, and Fig. 4-13, the operating waveforms. 

(a) shows driving voltage waveform ( v i) and (b) ^ (e) , voltage and 
current waveform at each point. The current can't be changed 
instantaneously because of the LPF ' s inductance, resulting in the 
waveform shown in (e) . Examining the current more minutely, from 
c l to t2, Qi is in ON state and forward current C 1 !) flows. 
As soon as the Qi turns OFF, a inverse voltage is generated by the 
LPF's inductance and to absorb it, current (i2) flows through the 
Q2 diode (t2 ^ t3) . Then Q2 turns ON and forward current (i3) 
flows ( fc 3 ^ t 4) . Then current (^4) flows through the Ql diode 
(t4 ^ t5) , The current flows repeating the above operations. 
Here, the important point is that the current can flow backward. 
This means that a power MOS FET does not require an external 
commutating diode because it has an equivalent backward diode. 
On the other hand, if a bipolar transistor is used in the output 
stage, an external diode is needed. 




Fig. 4-13 Waveform (Unmodulated) 
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4.APPLICATI0N HINTS 

As for the voltage waveform ( v o) , the remaining voltage v DS(on) 
and the backward diode Vf f power MOS FET cause amplitude 
fluctuation of the output voltage. Therefore the waveform as 
shown in (b) is generated, instead of a correct square wave. 

When a input signal is supplied, the pulse width is modulated and 
power is provided to the speaker, the current flown to LPF is as 
shown in Fig. 4-14. The output waveform is determined like this; 
if the triangular current is positive, it is determined by the 
forward current of P channel and the backward current of N channel, 
and if the triangular current is negative, it is determinend by 
the forward current of N channel and the backward current of P 
channel . 

As for the MOS FET output characteristics ( V DS vs. I D charac- 
teristics), in the standard MOS FET, as shown by the dotted line in 
Fig, 4-15, the diode characteristics are seen in the reverse area. 
Because of this non-linear characteristics, the voltage drop of the 
output pulse is non-linear and a distortion is caused. Therefore a 
device is required to have the same forward and backward 
characteristics . 




Fig. 4-15 Id _v DS Characteristics 
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(4) Application and Line-up 



Cum 

5.600p 

R,M I— II— 1 
4.3k rh 1 ^ 



In-1 0— j}± 



820 p^ 



C202 
820P -1 - 



»aup= 
In-2o J l ' 1 



^201 
1/i 



11 

I 2k 



1 , — 
•VA — 9 



Rio, 

Ilk 1 — 1 

-w^— hi 

Cms 1 — 1 
680p 

HHl2 



R201 
56k , 



C203 _ 
10a ? 



3- 



osc 



3- 



-TV 



15k 
-VA — 



2> 



R202 ^204 —I— 
4.3k 5.600p— 



C206 
100,u 



1 



-v r , 




' 2 f + 7k —I 



Qu 

i in 



2iti 17« 




n, 



-o-fc, 



Same as R Channel 



Unit R:S3 
C:F 



R Channel 



R, = 4n 



L Channel 



TP 



±v cci=±iov 

±V CC2 =±25V 



f osc = 300kHz 
1 



(■ 



4-C 10 5 -Ri05 



) 



Note 
1) 



QiiQi.Qs.Qe 
Q2.Q3.Q7.Q8 
Q9,Qio 
Qii.Qia 
Q13 
Qw 



2SC2308 
2SA1030 
2SD667 
2SB647 

2SK346,2SK428 
2SJ102,2SJ122 



As the interference of linking between the switching power 
MOS FET toward the modulator IC affects the Total Harmonic 
Distortion and output noise, the electromagnetic shielding 
over the power MOS FET, its driver circuit and demodulation 
filter are required. 



Fig. 4-16 Po=40~60 w PWM Power Amp for Car Stereo 
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Table 4-2 Line-up of Devices for PWM Power Amp 



Audio Output 
Po (W) 


Type Number 


Package 


Absolute 
Max. Ratings 


Electrical 
Characteristics 
(typ) 


Single 
Pushpull 


Parallel 
Pushpull 


N-ch 


P-ch 


VDSS 
[V] 


ID 
[A] 


pd* 

[W] 


RDS(on) 
[0] 


ton 
[ns] 


toff 
[ns] 


30-40 




2SK346 


2SJ102 


TO-220 


60 


5 


30 


0.3 


40/60 


70/100 


40^60 




2SK428 


2SJ122 


60 


10 


50 


0.1/0.15 


60/80 


120/200 


60~80 




(2SK551) 


(2SJ127) 


TO-220 


100 


10 


75 


0.15/0.20 


50/70 


110/160 




2SK399 


2SJ113 




100 


0.2/0.25 


80-100 




2SK413 


2SJ118 


T0-3P 


140 


8 


100 


0.4 


50/70 


110/160 




2SK414 


2SJ119 




160 



Note 



( ) ; Under Development 
* ; Tc=25°C 
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4.2 High Speed Power Switching 
4.2.1 Switching Regulator 

• Two-transistor Push-pull system 250kHz, 150W (5V , 30A) switching 



Regulator 



Fig. 4-18 shows the block diagram of a two-transistor push-pull 
system switching regulator in which the 2SK298 is used. 



Input f.g 

AC 100 v 
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20n 500p 



, — w — 1| — |* PQ26/25 
-i ►) J— r 'TOT* 



\ 



GDI 




F.G. T, 
0.0O4.7A FQ32/30 2 °° 5 °° P 

N, = 26T, N 2 = 25T,N 3 = 3T 

Power MOS FET 



00+7 u 
20O F.G 
0.00+7 



T ± omu 

~l T 

Output 



o.om 



GD2 



30 A 



■o 5 V 



015V 



Drive 
Circuit 



Control 
Circuit 



I 



Voltage 
Current 
Detector 
I 



Oscillator 



Fig. 4-18 Block Diagram 
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2 0mV /DIV 



Fig. 4-20 Ripple Waveform of Output 
t = l/*s/DIV Voltage 

(V ou t=5V, I D =15A) 
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Fig. 4-21 Output and Efficiency vs. Output Current Characteristics 
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< Circuit Description > 

(1) In rush current protection circuit 

This circuit is to limit the charging current flowing to the 
input capacitor when the power supply turns ON. When the sub- 
power supply circuit turns ON and the main switching transistor 
(power MOS FET) begins to operate, a voltage is generated at 
the coil (N3) . By charging capacitor C by the time constant of 
R and C, the SCR gate is driven. This delay time prevents over 
current . 




I 
I 

I SCR hoii 

1 , ►/ M 



— sn 

200V 
2 

4 7 0/i 

X3 
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^ C^Q.l//R 



Ji-^sk^s 



nH 2SK298 
^ T 
h| 10 Op 



-F.G 




0.0047/1 



Ti : PQ 32 / 30 

N, = 26T,N 2 = 2.5T,N 3 = 3T 



Fig. 4-22 Rush Current Protection Circuit 
(in dotted line) 



(2) Sub Power Supply Circuit 

The sub power supply circuit is a blocking oscillator whose 
secondary output is stabilized by three-terminal regulators; 
5V output for IC driving, and 15V output for power MOS FET 
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To anode of smoothing capacitor 



[WO 9 



-w- 



W06A 



100k ilk 



10 



0.0047/i 




12 zzomm 



HA 
178 05 P 



|N 22 220/<2Z + 



KSC2612 



HA 
17815P 



-o5V(V, ) 



til 220/i 



^>15V(V 2 ) 



:220A 
o 



GD2 



GDI 



T 2 i P Q 2 0/2 

N M = 1 5T, N 12 = 8T 
N 21 = 9T, N 22 = 16T 



Fig. 4-23 Sub Power Supply Circuit 

(3) Control Circuit 

Since the switching frequency is very high (250kHz), the control 
circuit is made by IC's as shown in Fig. 4-23. 

The functions of the IC's are as follows. 



ICi: reference oscillation (500kHz) 

IC2: pulse width control 

IC3: 2-phase division 

IC4: drive output . shut down 

IC5: voltage detection, detection of over current, detection 
of over voltage 
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33k 
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output 
© Shut down 
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© Over current 
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1.088/1 
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Fig. 4-24 Control Circuit 



(4) Drive circuit 



The drive circuit is coupled by a pulse transformer for isolation. 
When T r i is in the ON state, the input capacitance of the power 
MOS FET is charged through the 330ft resistance. When T rl turns OFF, 
T r2 is turned ON by the flyback voltage and the input capacitance 
is discharged by the 51Q resistance. 



©or © VW K2SC6*l®f2 



15V 

9 



EE-19 



1S2074® ■ 
200 



100 p 
-lr 



2SC1385® 
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-oto Gate 



J 51 

Tr 2 
. 2SC1385® 



1 S2074® 



-oto Source 



Fig. 4-25 Drive Circuit 
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< Noise > 

(1) Countermeasure to noise 

In this circuit noise is produced by the high switching speed of 
the power MOS FETs . 

Normal mode noise will be reduced by adding capacitors to both 
sides of the output, as shown in Fig. 4-26. 

Common mode noise will be reduced by returning the noise to the 
generation point, as shown in Fig. 4-26 (a). As shown in Fig. 
4-26 (b) , if a choke coil is inserted for common mode suppression, 
the noise will be further reduced. 

3ft lS2074.(Bl 




Fig. 4-26 Countermeasure to Noise 
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4. APPLICATION HINTS 

(2) Drive Circuit and Noise 

As described in the preceding section (1), noise is generated 
because of the high speed operation of the power MOS FETs . 
Especially, the ON time has large influence on noise generation. 
This means that noise can be reduced by improving the drive 
circuit. 



Table 4-3 Drive Circuit and Noise 



>i Gate 

Circuit 

Item \. 


\ 

R,ir g 


6) !^ 
— vw^-ijri 

R i 


9 


M d 


1 . . »C i 1 1 f*n 


wv — 'a 

R,>r g 1 


R i 


— *-VW — H * — ■ , — 1 


Parameter 


R, = 51fl 


Cgd = 5 pF 

r j = 5 1 n 


r , = 5 5 in 


r j = 5 5 i a 


C , = 3 pF 

Rj = 5 5 in 
r 2 = 3 o on 


Turn-On Time 
( n ■ ) 


3 


1 3 


9 


9 


12 


Turn-Off Time 
( n s ) 


2 8 


15 5 


6 7 


2 8 


2 8 


Output Noise 
( mV ) p — p 


5 7 


14 


1 3 5 


1 1 


1 


Switching Loss 
(W) 


2. 7 


3 0. 5 


6. 6 


3. 


4. 1 4 


Remarks 


Switching Loss;Smail 
Switching Time;Small 
Noise ; Large 


Switching Loss;Maximum 
Switching Time;Large 
Noise ;Small 


Switching Loss;Large 
Turn Off Time ;Large 
Noise ;Small 


Switching Loss; Small 
Turn Off Time ; Small 
Noise ;Small 


Switching Loss;Small 
Turn Off Time ; Small 
Noise i Small 



Test Conditions : Input AC 100V, Output 5V • 10A, 

Switching Frequency 100 kHz 
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• ONE TRANSISTOR FORWARD SYSTEM, 500kHz, 50W (5V, 10A) SWITCHING 
POWER SUPPLY 

Fig. 4-27 and Fig. 4-28 respectively show the switching power supply 
circuit block diagram and its waveforms. 



INPUT . ljM 
AC 100V 



10 * 7 °P 




2M 



ESAD8 3 T: 470p 

T 



4700p 



T M (E 1-2 2/1 9/6) 330/JX2 



■n 

A 



OUTPUT 

DC5V 

0.1*1 



4700p 



294 T B (EI-l| 2H7Cl) 



F.G 



lk ?inn„ T 2200p 1S2074, 
D o i- 



3P J """" 




1 — i. 2SK296 



r 



V 
F.G 



Uni t R : Q 
C : F 



Sub 
Powe r 
Supp 1 y 



n, = 24T, n,= 4T, n 3 =12T, n 4 =12T 
n, = *T, n R — 8 T 





Drive 
C i r c u i t 




Con t r o I 
C i r c u i t 
(PWM system) 




Volt age 
Current 
De tec t o r 













Fig. 4-27 Block Diagram of One-Transistor Forward System, 
500 kHz, 50W (5V, 10A) . 



Vqs waveform of Qi_- 



Waveform of capacitor C- 
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I 
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h r 



ioov/ DIV 



0.5yS/ DIV 



Fig. 4-28 Waveforms (at 5V, 9.1A) 
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[High speed drive circuit] 

To allow a higher frequency switching power, the most important thing 
is to turn off the main switching device in high speed. A control current 
with a high peak value is necessary to turn a power MOS FET off. Here, we 
adopt a simple circuit by utilizing the main circuit to supply a high peak 
current at turn-off. This circuit operates as follows. 

When the MOS FET Q3 turns on, a current flows via transformer Tg to 
gate, and Q-^ is turned on. In consequence, a voltage is induced in the 
coils n^ and n R . The black dot in the figure indicates the positive 
polarity. Q2 is off with inverse bias by voltage drop in the diode 

Next, when Q 3 is turned off, the current in Tg flows through the gate 
to source of Qi and the source to gate of Q2 and turns Q2 on. is still 

on, right after Q2 turns on. 

Therefore, the above mentioned voltage in the coils n^ and n R still 
remains. By Q2 turning on, current from n R flows to the source - gate of 
Q2 and Qi, the resistor R, and the diode and turns off. When Q-^ 
turns off, a reverse voltage to the dotted polarity is generated in n-^ and 
n R . This voltage is blocked by D n . 

With the above operation, an inverted high peak gate current can be 
generated from the main circuit to . 

[Noise reduction] 

The output noise is reduced by L and C in the circuit. This controls 
the voltage change rate by time of which voltage is supplied to the primary 
coil at on or off of the main switching device. The reactor L restrains 
the current increase in the primary coil n-^, when Q]_ (main switching device) 
turns on. The capacitor C restrains the change rate of the voltage induced 
in the primary coil n±, when Q 1 turns off. 

The part encircled by a dotted line in the figure is discharge cir- 
cuit for the capacitor C which is charged with the polarity indicated in 
the figure after was turned off. 

This discharge circuit feeds the charged energy in C back to the 
rectified DC supply in the primary part, while is on. The circuit also 
discharges C to OV until Q-^ is turned off. The constants of L and C are 
determined by analyzing the harmonics in the voltage supplied to the 



primary coil n j , so t H.it the re sonan t frequency of the equivalent high- 
pass filter Between primary and secondary coils is removed. 

The output noise waveform from the above described circuit, and 
without countermeasur es . are shown in Fig. 4-29 and Fig. A — 30 respectively. 
You can see in the figures that the output noise is significantly reduced. 

^ 50mV/ D iv 

"-O . Sus/ D iv 

Fig. A— 29 Output Noise Waveform with the Circuit Introduced 
(Synchroscope ISO MHz, 5V, 1 OA) 

| 50mV/ DIV 

O . 5us/ D iv 

Fig. A— 30 Output Noise Waveform without Coun t ermea sur e s 
(Synchroscope ISO MHz, 5V, lOA) 

A comparison of the volume with main transformer, choice coil and 
output smoothing capacitor in 50 kHz , 50W (5V, lOA) output switching 
power supply made on an expe r Imen t a 1 basis in our company is shown in 
Xable A — A . In 500 kHz switching power supply. 26% of the main transformer 
volume, 25% of the choice coil volume and 50% of the output smoothing 
capacitor volume; i.e. 65% of the total volume were reduced. In comparison 
with 50 kHz switching power supply. 

Fig. A— A A Comparison of the Volume of Main Transformer, Choice Coil and 

Output Smoothing Capacitor In 5V , lOA Output Switching Power Supply 





50kHz switching 
power supply 


500UHz switching 
power supply 


Main transformer volume 


16000mm 3 


4 200mm 1 (26%) 


Choice coil volume 


8 5 00mm 3 


2100mm 3 (24%) 


Output smoothing capacitor volume 


16000mm 3 


SOOOmm 3 (50%) 
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• Four-transistor full-bridge type 100kHz, 400W switching regulator 

Fig. 4-31 shows the circuit of four-transistor full-bridge type 
switching regulator. This circuit has the following characteristics. 

. output; 400W (48V, 8A) 

. input; AC 100V 

. operation frequency; 100kHz 

. control IC; HA17524 

• isolation; photo coupler 

• efficienty; at full load 80% 

; at 200W output 85% 



Input FIG 




Output 



GND I GND2 



Li.,Li::T type core j<l. 5mm wire 13T T:EI60 core C.T.:EI30 core 

Lch ; EI50 core Cap 0.3mm 1st side oil. 5mm Wire 7T 1st side y(1.5mm wire IT 

jrflmm wire 6 wires wound separately 2nd side jrflmm wire 4T; 2nd side p)0.5mm wire 25T 

5 wires wound separately 

Fig. 4-31 Four-transistor Full Bridge System Switching Regulator 
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This circuit operates as a switching regulator* (AC lOOV, direct 
r«ac ti fie at ion type> . using N — channel & F— channel MOS FET ' s for four- 
transistor full bridge. Xo make good use of the hi gh speed capability of 
power MOS FEXs » the switching cycle is set at 1 OOkHz . As a result, we 
had 80% efficiency at full load and maximum 85% efficienty Cat 2 00W output) 




Fig. 4 — 32 Waveform ( Full 1 oadod) 




Output Fower Fo <W) 



Fig. 4—33 Output Voltage and Efficiency -vs. Output Power Characteristics 
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• One-transistor system 250kHz, 60W , low noise switching regulator 

Fig. 4-34 shows the circuit of one-transistor system switching 
regulator. It has the following characteristics. 

• output; 5V, 12A 
. input; 48i5V 

. operation frequency; 250kHz 

• efficiency; at full load 83% 

; at 20W output 87% 
. spike noise voltage; 10mV p - p 

The noise reduction method used in this circuit is as follows: 

(1) Good use is made of the source connected case of the power MOS 
FET . 

(2) Loose coupling of the output transformer. 

(3) Switching curve softened by mirror integration with the primary 
circuit of transformer, connecting the capacitor between drain 
and source . 

With the above method, the spike components will be removed almost 
completely. Radiation to the outside can be prevented by shielding. 




Output 

OC 5V 



Error _ 
Amp . vr 

Fig. 4-34 One-transistor type Switching Regulator (Block Diagram) 
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4.2.2 High-speed Drive Circuit 

A switching regulator has two types of drive circuits; one is direct 
type drive and the other is isolated type drive. 

• Direct type 

(1) Additional Buffer Circuit 

Fig. 4-37 shows additional buffer Circuit. In this circuit, the 
output impedance of the drive circuit is lowered through NPN and 
PNP complementary symmetry emitter follower, resulting in high 



(2) Positive Feedback type Circuit 

Fig. 4-38 shows positive feedback type circuit, in which positive 
feedback is applied by sub-coil (n 3 ) , resulting in high speed 
switching. The operation theory is as follows. 

i) FETi is driven by inverter and drain current flows. 

ii) Voltage is generated by n3 and the input capacitance (Ciss) is 
charged through Rl. 

iii) According to turn ON process of FET^ , a positive feedback is 
applied to the gate. 

iv) When the FET2 turns ON and the gate of FET^ is grounded, 
resulting in discharge of Ciss, the FETi turns OFF. 
Fig. 4-39 shows the waveform between drain and source. 



speed . 





Fig. 4-37 Additional Buffer Circuit Fig. 4-38 Positive Feedback Circuit 
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4. APPLICATION MINTS 4.APP LIGATION HINT? 
4 A P P L I CAT l,9 v N H'N .T ^; 





WithouL 1-1 - 



(i. ) w i t 1 » ii 



Fig. 4 — 3 9 Drain-Source Wave f o r m C | = 2 A ) C 2 S K 2 9 8 ) 

n,= 50T . n,-5T.R,=5in 



• Isolation Type 

The f o 1 lowing c i rc ui ts opera te by making use of the flyback 
voltage which is generated during the OFF period. 



CD Diode Switch Type 

Xh is circuit is the s imp lest, 
capacitance of FET] is forced 
voltage wl 
swi tching 



In this circuit, the input 
o be discharged by the flyback 
is generated when FET 2 turns OFF, and high speed 
achieved. Xh i s circuit has a problem in that the 



turn off 
e n e r gy d e p e 

Fig . A— AO and 
ispectively - 

(2) 



> 1 



FET, is not - 
the ON time 



i s t an t 



ec aus t 
dth) . 



the flyback. 



4-41 show the circuit and the waveform 



FEX Switch Xype <1> 

The c i rcui t in Fig . 4— A 2 is an improved one of the c ire u i t in Fig . 

4— AO. In this circuit, the charge stored in Ciss is discharged 

wh en FET2 £ s t urned ON by the f lyb ack vo 1 1 a ge , and the ga te of 

KEX -j i j-j grounded. In this case, the t urn off time is constant in 

spite of the pulse width fluctuations, because the effect of FEX2 
is larger than that of the flyback. 
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Fig. 4-43 shows the waveform between drain and source. 



4. APPLICATION HINTS 



(3) FET Switch Type (2) 

The circuit shown in Fig. 4-44 yields even higher performance 
than that of Fig. 4-42. In this circuit, when FET 2 is turned 
ON by the flyback voltage, the voltage generated at n 5 will 
discharge the FET's Ciss positively with the time constant 
R-Ciss. As obvious from the operation waveform of Fig. 4-45, 
the turn on time and the turn off time are both less than 30ns. 



<?v GG 



I H 

HFET2 
1 h 



Di 



r 
j 



_n — 

D 2 








2 0V/DIV 



Fig. 4-40 Diode Switch Type Fig- 4-41 Drain-Source Wavef orm ( | D = 2 A , 2 S K 298) 

n 1 : n 2 = 1 : 1 
R,=R 2 = 50n 




Fig. 4-42 FET Switch Type 




20V/DIV 



1 as/div 



Fig. 4-43 Drain-Source Waveform 
( l D = 2 A , 2SK 298) 
Hi : n* = 1 :1 R = 50 £1 
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Fig. A-A4 FET Switch Type 



t ~- O. I muS" DIV 

Fig. 4-45 Wave form C 2SK2985 

n,:n lt =1 1 . n 3 =n»=60T.n n =6 
R = 1 O n, D.,D»:1S207 4<B> 



4.3 High Frequency Power- Ampl ifier 

As for transmi tter app 1 ic a t ion s , trnnHi storization of 5 ^> lOkW 
medi vim wave t> r oadc as t ing tranHmi tters has been achi eve cl . The bipolar 
t ran si s tor s us g d howeve r , have some problems regarding t her ma 1 runaway , 
frequency c har ac te ristic , mod ul ation lineari ty » g tc - Trans istorization 
in shor t wave b roadc aw ting has no t ye t been realized, because there i s 
no t a s ui tab 1 e device. 

We would like to show a f u 1 ly ~ t r ans i s t o r i z ed medium wave broadcasting 
transmitter and a f u 1 ly — t r ans i s t or iz ed short wave broadcasting trans- 
mitter, in which a high output is provided by parallel operation of power 
MOS FET s . 
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4.3.1 lkW Medium Wave Broadcasting Transmitter *l) 



4. APPLICATION HINTS 



Fig. 4-46 shows a block diagram of a lkW medium wave broadcasting 
transmitter. This system has the following characteristics. 



Total efficiency; 61.9% 
Efficiency at modulation part; 93.6% 
Efficiency at non-modulation part; 84.4% 
• Modulation System; pulse width modulation 

Power MOS FETs used in the transmitter provide the following 



(1) Low Power Consumption 

Power MOS FET requires no pre-modulation because of its high 
efficiency and high gain. 

(2) High Performance 

The distortion introduced by the pulse width modulation stage is 
very small because of its switching speed. A high carrier 
frequency can be used in the PWM modulator for extended overall 
frequency response. 

(3) High Reliability 

The power MOS FET is inherently rugged and may be connected in 
parallel without any special considerations. It is possible to 
use many devices in parallel, and through their redundancy, high 
reliability is realized. 

(4) Easy Thermal Design 

The use on many parallel devices aids thermal dispersion, and 
results in easy thermal design. 






features . 
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Fig . 4-^6 Block Diagram of 1 lcW Med i um Wave Broadcasting Transmit t er 
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Fig. 4 — A 7 Main Charac te r i s t ic s 
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4.3.2 600W Short Wave 



Transmitter * 2 ) 



Fig. 4-48 shows the circuit of the power amplifier circuit. The 
characteristics of this circuit are as follows: 



RF O- 

Input 





4. % ^ 



UUL8J 




-o RFOutput 




)AF Input 

Fig. 4-48 Power Amplifier (200W Unit) 
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Fig. 4-49 Main Characteristics 
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4.APPLICATION HINTS 

o Frequency ; 3 . 970MHz , 6 . 005MHz » 9 .5 3MHz 

• Output; 6 00W C four 2 00W uu its using 2SK22 1 CH>s > 

• Ef fici enc y (wi thou t modul a t ion > ; 81% at 3. 970MHz 

7 7% at 6 .005MHz 
70% at 9. 535MHz 

» Modulation System; PWM Mo dul at ion Sys tern (us ing a 2 SK 1 7 <S (h) ) 

Xh is is the circuit of a short wave broadcasting trans mi t t e r wi th 
600W output. in which the 2SK221(h) is used. By using four 2 00W output 
un its. the redundancy is increased and high reli ah i lity is achi eve d ■ 
Also, a PWM modulation system is used, resulting in smaller size, lighter 
we i gh t and highe r ef f ici ency . Mod ul a t i on is pe r f o rmed at 1 OOkHz 
repetitive frequency, using the 2 SKI 7 6 CJD - 



A. 3. 3 VHF High Power Amplifier Circuit. 

Power MOS FET is applicable to higher voltage circuits, and necessary 
output power can be obtained with a small current . Fig . A — 50 shows the VHF 
high power amplifier circuit using 2SK317 . The input capaci t anc e is abou t 
600pF, so the input impedance at lOOMHz is small. ( Zi n - 1 — 1 j £"2> and the output 
imped a nc e is sma 11 too (it's about 1.5 — 2 5 J £~2 at lOOMH z ) . Owi ng to the above 
factors, the rotation to inductive area of the in — output circuit occurs 
by using series inductance, then, these circuits are ma t thed with 50f2 by 
series and parallel capacitance. 180W output power. 80% drain efficiency 
can be obtained with 80V supply voltage, 8W input power, lOOMHz frequency. 
120W output power, 60% drain efficiency can also be obtained at the 
f requeue y of 17 5MHz . The cur r en t is as sma 1 1 as 2 . 8 A , 2 . 5 A re spec t ively . 
In the case of push-pull circuit which adopts a couple of 2SK317s, 27 OW 
output power, 80% drain efficiency can be obtained with 90V supply voltage. 
2 OW input power. As for input circuits, SO£"2 co— axial cable balun is 
determined as 38.2cm so that the Input signals can be applied with dif- 
ferent phases . The output circul t cons is t s of balun and filter. and 
the length of the output balun Is determined as 11cm, aiming at maximum 
ef f Iciency . 
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Fig. 4-50 VHF High Power Amplifier Circuit 



(1) 900MHz 1W power amplifier circuit (PF0001) 

The PF0001 is a high frequency power MOS FET amplifier and 
the output power; 1W (typ.) can be obtained. It is single stage 
amplifier using the HS8709 chip. Fig. 4-51 shows the internal 
equivalent circuit and dimensional outline of the PF0001. The 
matching circuit is formed on the ceramic substrate by using 
micro-strip line and chip condenser. 1.1W output power, 50% 
total efficiency, power gain lOdB (typ.) can be obtained at lOOmW 
input power. As for gain reduction value controlled variable 
by the APC terminal, 5dB or more can be obtained by changing 
the APC voltage from 8V to 0V. 
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1 W Power Amplifier Circuit (PFOOOl) 



C 2 ) 900MHz aw power amplifier circuit (PFO002) 

The PF0002 is a high frequency power MOS FET amplifier. It 
is a two stage amplifier using HS8709 and HS8711 chips. Pig. A— 52 
shows the internal equivalent circuit and dimensional outline. 
The applicable range of supply -voltage is 7 to 16V, the frequency 
range is 860 to 910MHz. As for gain reduction value controlled 
variable by the APC terminal, 5dB or more can be obtained by 
changing the APC voltage 8V to OV . 
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Fig, 4-52 900MHz 8W Power Amplifier Circuit (PF0002) 



(3) 900MHz power amplifier circuit (HS8708) 

The HS8708 is power M0S FET and its applicable input power is 10 
to 50mW. It is sealed into the chip carrier. Fig. 4-53 shows the 
900MHz pre-drive circuit using this FET. 400mW output power, 40% 
efficiency can be obtained at 20mW input power, when V DD =12.5V. 
The output power can be controlled from 300mW up to almost OmW by 
changing the gate voltage from 2.0V to 0. 
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Fig . 4 — 5 3 900MHz Power Amp 1 if ier Circuit (HS8708 > 

C A > 9 00M>Iz power amplifier C ircui t (HS8709) 

The HS8709 is power MOS FET of lOOmW input power. The chip used 
for the PFOOOl and the drive n tage of PF0002, is aea 1 ed into the 
chip carrier . Fig . 4-54 shows the drive circuit by using this 
FET. The output power 1.5W, 50% efficiency can be ob t ained when 
V DD =12 . 5V , lOOmW input power . 
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HS8709 S PARAMETER 
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Fig. 4-54 900MHz Power Amplifier Circuit (HS8709) 

(5) 900MHz two stage power amplifier circuit 

Fig. 4-55 shows a two stage power amplifier circuit using HS8708, 
HS8709. 2.5W output power, 50% total efficiency can be obtained 
when Vdd=12.5V, 20mW input power. The power control by using 1st 
and 2nd gate voltages in the case of lOmW input power, the output 
power can be controlled from 2.5W to almost 0, by changing the 
gate voltage from 2V to 0. The gain reduction value is about 
7dB with 30mW input power. 
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Fig. 4-55 900MHz Two Stage Power Amplifier Circuit 
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(6) 900MHz power amplifier circuit (HS8711) 

The HS8711 is power MOS FET used for final stage of PF0002. 
Fig. 4-56 shows the power amplifier circuit ' using this FET. 
8W output power, 55% efficiency can be obtained when V DD =12.5V, 
1.6W input power. In the case of 7V supply voltage, 3.5W output 
power, 49% efficiency can also be obtained. 
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Fig. 4-56 900MHz Power Amplifier Circuit (HS8711) 
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4.4 Motor Control 

Formerly, bipolar transistors or thyristors have been used for speed 

control of DC and AC motors. Recently, however, power MOS FETs are used 

for motor control, owing to their low R 0N. Power MOS FETs used for motor 
control have the following features. 

(1) Since the switching speed of the power MOS FET is very fast, the 
chopping frequency of the motor control can be increased to 
10kHz ^ 20kHz. This is 10 times as high as conventionally used, 
resulting in quick response, high efficiency, reduced noise, and 
small size. 

(2) As for the electrical characteristics, the power MOS FET has a 
negative temperature coefficient, so it has wide ASO (Area of 
Safety Operation) . 

(3) Since the power MOS FET is driven by voltage, it requires little 
driving current, resulting in a simple drive circuit. 

(4) The power MOS FET has a parasitic diode between source and drain. 
This diode has comparatively high switching speed and the current 
rating is equal to that of the power MOS FET. It can be used as 
a fly-wheel diode. Therefore, the external commutation diode can 
be eliminated and the number of components can be reduced. 
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Table 4-4 The Characteristics of Power MOS FET 
and Advantages in Motor Control 



Features 


Advantages in motor control 


Switching speed is fast. 


High efficiency, reduced noise and small- 
sized by high operating frequency 


Voltage control 


Little driving power, resulting in a 
simple drive circuit 


Negative temperature 
coefficient of current 


Easy to have higher current capability 
with parallel connection due to no local 
current concentration 


Built-in diode between 
drain and source 


It can be used as a fly-wheel diode, and 
the number of components can be reduced 


P/N channel 
complimentary 


The number of components can be reduced 
by the simple drive circuit 



Fig. 4-57 shows inverter circuit in which 2SK313 is used at Qi~0.6' 
The built-in diode between drain and source is relatively high speed and 
can be used as a fly-wheel diode. Therefore, external high-speed fly- 
wheel diode is not required, the number of components can be reduced. 
As for electrically short accident in the inverter circuit, Power MOS 
FETs take longer time than bipolar transistor to breakdown, and over- 
current protection circuits can be easily designed. Fig. 4-58 shows 
the results of load short test. 
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Fig. 4-58 Destruction voltage at load short test 

• Gate Drive Circuit 

Fig. 4-59 shows basic gate drive circuit in which Power MOS FET is 
used. There are several kinds of circuit. The circuit needs less drive 
power due to voltage control than the current control of bipolar tran- 
sistor, and can compose by small signal transistors. 

The comparison of driving power with bipolar transistor is shown 
in Fig. 4-60. 

This figure shows the characteristics of 1.2kW DC brushless motor 
drive using the inverter circuit in which power MOS FET, 2SK313 (Vpgg 
450V, I D 12A) or darlington transistor 2SD1204 (V CE0 400V, I c 15A) is 
used. As for driving power, the total of the transformer loss at 
driving circuit and the control circuit loss and the drive circuit loss 
is measured as sub power supply input. The drive power loss of Power 
MOS FET, 2SK313, is less than that of darlington transistor. Concerning 
with inverter efficiency, Power MOS FET shows almost same level as 
darlington transistor because of rather low driving frequency of 2.2kHz. 

If Power MOS FET is used, power supply components for driving can 
be simplified due to low drive power loss (Fig. 4-61). Fig. 4-61 (a) 
shows the method that obtains positive and negative power supply from 
inverter input DC voltage using zener diode. Fig. (b) shows the 
method that obtains positive and negative power supply using power 
supply transformer. The method using power supply transformer does 
not need power stability due to voltage control gate drive. 

The gate drive circuit can save energy and be minimize by using 
Power MOS FET. 
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Qi; Photo Coupler 
0.2-0.5? Drive Transistor 
Q 6 ; Power MOS FET 



Fig. 4-59 Gate Drive Circuit of Power MOS FET 
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Fig. 4-60 Comparison of Drive Power of 1.2 kW DC Brushless Motor Operation 



-pi-™ t t 

D, ZD, ^ 

M 



D, ZD, 
+» 



Qi, Q 2 ; Power MOS FET 

Di, D 2 ; Diode 

ZDi ,ZD 2 ; Zener Diode 

Tr ; Power Supply Transformer 

Fig. 4-61 Structure of Drive Power Supply for 
Power MOS FET on Upside Arm 
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• Gate Drive Circuit with P,N Channel Complimentary Power MOS FET 

As for bipolar transistor, the complimentary characteristics of 
current gain and high breakdown voltage for PNP type is difficult to 
design. As for Power MOS FET, high breakdown voltage and high current 
of P channel is rather easy. 

The circuit with P and N channel complimentary Power MOS FET is 
shown in Fig. 4-62. If P channel devices are used in upside arm of 
inverter and N channel devices are in the under arm, drive power supply 
are needed only for each arm. Table 4-5 shows comparison between P/N 
channel and all N channel complimentaly components about the number of 
components. The number of drive power supply for P/N channel is as 
half as that of all N channel one and the number of components for P/N 
channel is 24% less than that of all N channel. 

The drive circuit can be thus significantly simplified. 



Table 4-5 Comparison of the number of components between 

P/N channel complementary circuit, all N channel 
circuit 





P/N Channel Comple- 
mentary Circuit 


All N Channel 
Circuit 




Upside Arm 


Under Arm 


Upside Arm 


Under Arm 


Transistor 


9 


12 


12 


12 


Resistor 


9 


15 


15 


15 


Photo Coupler 


3 


3 


3 


3 


Drive Power Supply 


5 


5 


15 


5 


Total 


26 


35 


45 


35 


61 


80 



Note; Unit (piece) 
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Qi , Q2 

Q 3 ~ Q 9 

Qio - Q12 
Q13 ~ Qis 



Photo Coupler 

Drive Transistor 

P Channel Power MOS FET (2SJ116) 

N Channel Power MOS FET (2SK313) 



Fig. 4-62 Drive Circuit with P and N Channel 
Complementary Power MOS FET 



4.4.1 Precautions in Handling the Built-in Diode 

An built-in diode of the power MOS FET is used as a commutating diode 
in a motor control circuit. In this case, if the reverse voltage is 
charged immediately after a high current is supplied to the diode, it may 
be destroyed depending on the circuit and the operating conditions. 

Fig. 4-63 and 4-64 shows a basic motor control circuit and the wave- 
form of the motor control operation. These waveforms are at Q2 and Q 3 off 
and Qi and on, Qi, is continuously on when Qi is chopping. 

At gate drive signal entering G\, Qi turns on and ipi flows. When 
the current ip^ °f Qi stops, the regenerative current ip flows through 
the built-in diode of Q2, by energy stored in the inductance of the motor. 
In this state, if Qi turns on, Q2 is shortened because of the reverse 
recovery time t rr of the built-in diode of Q2, and excess recovery current 
±D V flows. 

This excess recovery current may destroy the diode at a point in the 
shaded area in the figure, which indicates the period in which the built-in 
diode voltage recovers. Therefore, restricting the recovery current ±d y is 
an effective method to prevent diode destruction. Table 4-6 shows the 
detailed circuit countermeasures . 
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Fig. 4-63 Basic Motor Control Circuit 




V DS1 (Drain-source voltage waveform of Qj_) 



ini (Drain current waveform of Qi) 



1[)2 (Drain current waveform of Q2) . 



V DS2 (Drain-source voltage waveform of Q2) 



<Description> 

ip : Forward current of Q2 built-in diode 

Vf : Forward voltage drop of Q2 built-in diode 

Vns(on) : Drain-source saturation voltage of Q2 

t rr : Reverse recovery time of Q2 built-in diode 

Vls: Voltage drop with circuit inductance Ls 

in r : Reverse recovery current of Q2 built-in diode 

(depends on the drive signal source impedence dip/dt of Q lf 
circuit inductance Ls, supply voltage Vcc, and electric charge 
Q rr (or t rr ) in the built-in diode) 
V s : Spike voltage 

(depends on the inductance Ls, i DR , and di DR /dt of the circuit) 



Fig. 4-64 Waveform of the Motor Control Operation 



62 



HITACHI 



Table 4-b Circuit Countermeasures against mint-m Diode Destruction 



Classifi- 
cation 



Countermeasures 



Circuit 



Waveforms of the built-in diode 



Before improvement 



After improvement 



Circuit constants, 
etc . 



© 



Delay the turn-on time, by inserting a 
resistor and diode which are connected 
in parallel into the gate of the Power 
MOS FET. This controls di/dt and 
dv/dt of the built-in diode to restrict 
the recovery current (in this case, the 
turn-off time does not have to be de- 
layed) . 





-Sr— 



R = 330a~820fl 

( di/dt= 20 — 50^^) 



© 



Insert an L and diode connected in 
parallel into the drain of the Power 
MOS FET. This controls di/dt to 
restrict the recovery current iDr- 





L=2fK~20fK 



© 



Insert a C or CR snubber between the 
drain and source of the Power MOS FET 
to restrict dv/dt and voltage spike 
of the built-in diode. 





CR 



R= 10-47 fl 

C= 0.01j«F~0.1 i*F 

Wiring of the snubber 
should be as short 
as possible. 



© 



Wires between + , - terminals of the 
power supply line and the drain/source 
of each arm (in the case of N/N) should 
be twisted C are also connected. 
By directly attaching wires to the 
upper and lower arms and minimizing 
stray the inductance, the voltage 
spike and dv/dt are restricted. 



Short 02 ~ 1 f Short 




G 2 Twisted 
wires 



/** V 




Should be done to- 
gether with counter- 
measures (T) to © . 



© 



Connect the fast diode to the external 
of the Power MOS FET not to flow the 
current in the built-in diode. 
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4.5 Analog Switch 

When two power MOS FET's are connected in series, they operate as a 
two-way analog switch (Fig. 4-65). 



source, the V DS vs. ID characteristics are as shown in Fig. 4-66. 

When the current is small, the current flows through the channel in 
both FET's, therefore the Vds-Id characteristics is shown by a straight 
line of 2xR (R is ON resistance of one FET) . When the current is further 
increased, it will flow through the diode of one FET and the V DS-Tn 
characteristics approaches the diode characteristics. 

Important characteristics of Power MOS FET for analog switch are 
on-resistance (Ron) and off-resistance (Roff) mentioned below. 



This is the remaining resistance at switch on. The lower, the better. 



Remember that the power MOS FET is made to have a diode between 
drain and source. When applying a positive bias between gate and 



(1) Ron 



-o 




Fig. 4-65 Analog Switch 



-V DS 




+ V DS 



Fig. 4-66 V DS -I D Characteristics 
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R off is t ' rie resistance between the ends of the switch when 
the switch is open and is equivalent to insulation resistance of 
mechanical switch. The higher this resistance is, the better the 
switch is. It means that leak current (Idss> ^DSx) i s sma H- 
(Several nA to several ten nA in general) 

In low current area, R on of the built-in diode of Power MOS 
FET can be small, applying positive gate-source bias (Fig. 4-67). 
It is superior to diode switch. When the gate-source bias is 
or negative, the characteristics are the same as that of general 
diode. As Power MOS FET has enhancement characteristics, leak 
current remains unchanged when Vgg is applied 0.5~1.0V positive 
bias induced by, such as, external circuit noise. 

Power MOS FET can show its ability to a bi-directional (it 
can switch alternative current) analog switch which has good 
linearity. 




. 4-68. 



0.4 0.8 1.2 1.6 2.0 

Source to Drain Voltage V SD (V) 
Fig. 4-67 Characteristics of Built-in Diode (2SK294) 
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o © 

- 0.5V/D1 V 



Fig. 4-68 Characteristics of 2SK294 



The 
in Fig. 4- 



circuits, in which 2SJ120 and 2SJ121 are used, are shown 
4-70. 



CMOS Output 

0V Qi Switch ON 
5V Qi Switch OFF 




777" O -5V 



-777" 



Qi: 2SJ120 Q 2 : 2SA1052 
Q 3 : 2SC2462 

Fig. 4-69 Switching Circuit with 2SJ120 
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Qi 
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lkll . J 



CMOS Output 

i 3S.ll ■ I 

5V Qi Switch ONo-wv— 'ni Q 2 
0V Qi Switch OFF 

6-5V 



Qi: 2SJ121 
Q 2 : 2SK416 

Fig. 4-70 Switching Circuit with 2SJ121 
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4.6 Character Display 

The recent increase in office automation has lead to the need for 
higher resolution color and monochrome displays requiring bandwidths of 
40 to 80 MHz. To meet these requirements, the transistor used for video 
output should have high breakdown voltage, small I/O capacitances and 
excellent high frequency characteristics. 

In a transistor, the breakdown voltage and the high frequency 
characteristics are contrary to each other, so it is difficult to realize 
40 to 80MHz bandwidth current bipolar transistors for video output, 
because of their high frequency characteristics. By using the 2SK352 in 
high-resolution cathode-ray tube displays this bandwidth can be realized. 

4.6.1 Features 

Since the 2SK511 is designed to have small I/O capacitance and high 
gm, it can be used not only for video output but also for high-output, 
wide-band, high-impedance amplifiers in measuring instruments, etc. 
Table 4-7 and Table 4-8 show the absolute maximum ratings and the 
electrical characteristics respectively. 



Table 4-7 ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 



Item 


Symbol 


Rating 


Unit 


Drain to Source Voltage 


V DSS 


250 


V 


Gate to Source Voltage 


V GSS 


±9 


V 


Drain Current 


Id 


0.3 


A 


Drain peak Current 


ID (peak) 


0.5 


A 


Channel Dissipation 


Pch* 


8 


W 


Channel Temperature 


Tch 


150 


°C 


Storage Temperature 


Tstg 


-55^+150 


°C 



*T r =25°C 
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Table 4-8 ELECTRICAL CHARACTERISTICS (Ta=25°C) 



Item 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Drain to Source 
Breakdown Voltage 


V(BR)DSS 


lD=lmA , Vgs=0 


250 








V 


Gate to Source Leak 
Current 


IGSS 


VGS=±9V , VDS=0 


- 


- 


± 1 


mA 


Drain Current 


Incc 


Vds=200V , VGS=0 






1 


mA 


Gate to Source Cut-off 
Voltage 


v GS (.off; 


I D=lmA , VDS=10V 


1.0 




5.0 


V 


Drain to Source 
S p 1~ iiT* ^ 1 1 on Vn1 fa 


v DS(ON) 


lD=0.1A , VgS=9V 




3.0 


5.0 


V 


Forward Transfer 
Admittance 


1 Yf si 


I D=0.15A , V DS =20V 


50 


80 




mS 


Input Capacitance 


Ciss 


V DS =10V, V GS =0, f=lMHz 




20 




P F 


Output Capacitance 


Coss 




10 




P F 


Reverse Transfer 
Capacitance 


Crss 




2.5 




P F 
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• Excellent high frequency characteristics 

The 2SK511 has high cut-off frequency (fc) , 250MHz (typ) . Compared 
with that of bipolar transistors (f x=80MHz (typ) ; i.e. f c =5MHz) , it is 50 
times higher. Fig. 4-71 shows | yf s I vs. frequency characteristics. 

• Small I/O capacitances 

In video amplifiers, the band width depends on the output 
capacitance (Coss) . In the 2SK511, the output capacitance (Coss) is 
reduced to lOpF, and the input capacitance (Ciss) , 20pF. 

With small I/O capacitances, a high amplification factor is 
obtained, without reducing the mutual conductance^! yf s I =80mS(typ)) f 

• AS0(Area of Safe Operation) 

The 2SK511 has no secondary breakdown area. The rating of Pch=8W 
is guaranteed to the extent of Vds=250V. 

4.6.2 Application Notes 

We would like to describe the use of the 2SK511 in a video output 
stage. 



Wide Band Width 



The I/O capacitances of the 2SK511 are small, and to further reduce 
their effect, the common gate connection is recommended. In this case, 
the source will be driven by high speed TTL or a high speed switching 
transistor (2SC3652 etc.) 
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o 



Series-parallel Peaking 




Fig. 4-72 Video Output Circuit 



Generally, the high cut-off frequency of a RC coupled amplifier is 
determined by load resistance ( R L) , the output capacitance (Coss) of the 
transistor and the cathode-ray tube's capacitance (C). Therefore, to 
take advantage of the high frequency characteristics of the 2SK511, we 
recommend use of parallel, series, and emitter peaking. When using the 
2SK352 in the digital (switching) mode, use a speed-up capacitor. 

The 2SC3025 and the 2SC3026 (VCBO=1500V, 1700V, Ic=5A, fall time 
tf=0.5//s max.) are horizontal deflection output transistors for 
television receivers. 
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4.7 Ultrasonic Equipment 

We would like to describe the power MOS FETs use in ultrasonic wave 
diagnostic equipment. Formerly, bipolar transistors have been used for 
high-voltage and high-speed switching devices used to generate pulse 
voltage for ultrasonic wave diagnostic equipment. Recently, as ultrasonic 
wave diagnostic equipment is required to have higher performance and 
higher operating frequency, the power MOS FETs small package, high break- 
down voltage, and low ON resistance has LED to its use. 

Fig. 4-73 shows the block diagram and Fig. 6-54 shows the high 
voltage pulse generator circuit and the voltage waveform. This circuit 
has the following functions. 1) The pulse voltage (Vp-p) is as large as 
possible 2) The frequency component of the pulse voltage oscillation 
waveform is high. The power MOS FET provides high switching speed and 
excellent frequency characteristics. By using power MOS FETs, ultrasonic 
wave diagnostic equipment can operate with high frequency and meets the 
conditions (1) and (2), resulting in clear pictures. 
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Fig. 4-73 Block Diagram 
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Qi : 2SK375(L),(S) (300V/1A,DPAK) 

2SK535 0,© (400V/1.5A,DPAK) 

2SK382 (500V/2A,TO-220AB) 

2SK311 (450V/3A,TO-220AB) 

2SK580(l),(s) (500V/1.5A.DPAK) 



V P 




Output Voltage 



Vibrator 




Fig. 4-74 High Voltage Pulse Generators Waveform 



4.8 Others 

Power MOS FETs can be used for many applications, such as magnetic 
bubble memory driver, electrical discharge machine, laser pulser, 
actuator, relay driver, lamp driver, etc. 



Reference Books 

*1) Kurisu, Yoshida, Kiyama, Full transistorized 

Medium Wave Broadcasting Transmitter Using Power MOS FET 

*2) Aoyagi, Inoue, "Short Wave Broadcasting Transmitter using FET", 
Television Academy Technology Report, RE79-24 



72 



HITACHI 



